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PRELIMINARY STUDIES 

the prototype, are covered with talus.  The basin reconmaended f o r  proto- 
type .use, Figure 55, was developed, ~ i g u r e s " 3 9  'through 54, inclusive, 
i n  the larger out le t  works model and retested In  the spillway model t o  
be certain that the flow conditions i n  the r iver  channel, Figure 80, 
w e r e  satisfactory for  combined spillway and out le t  works flows. 

Motion pictures were taken throughout construction of the model, 
test ing of the 1:54 scale spillway model, and test ing of the 1:28 scale 
-Itlet  works model. These,,pictures are assembled i n  a 16-mm film ent i t led  
" ~ y a r t u l i c  Model Studies of Yellowtail Dam Spillway and Outlet Works." 

ArnOrnDGMENT 
, 

The f ina l  plans evolved from these studies were developd through 
the cooperation of the s t a f f s  of the Concrete Dams Branch and the Hydraulic 
Laboratory Branch. These studies were conducted during the period from 
November 1950 t o  January 1953. The f i n a l  studies began i n  October 1960 
and w i l l  be reported i n  ~yd-482 L/ and ~yd-4.83. 

mTRoDuCTION 

Yellowtail Dam i s  a part  of the Missouri River Basin Project. 
It i s  located on the Big Horn River about 60 miles southeast of Billings, 
Montana, Figure 1. The dam, Figures 2 and 3, i s  a concrete arch-type 
dam approximately 1,300 f e e t  long and 500 f e e t  high above the riverbed. 
The discharge structures include a spillway, out le t  works and powerhouse. 

The , spillway, Figure s 4, 5, and 6, located i n  the l e f t  abutment, 
consists of two converging gate sections discharging into a concrete l ined 
"horseshoe" tunnel. The spillway cres t  is a t  elevation 3593, 13 f e e t  
above the channel f loor  of -1;he spillway approach and 64 fee t  below the 
maximum design reservoir elevation. The spillway tunnel consists of a 
transi t ion section i n  which the tunnel changes from rectangular to 
horseshoe, a 45' inclined section in which the tunnel tapers from a 49-foot- 
diameter horse shoe t o  a 41-foot-diameter harse shoe, a 320.5-foot-radius 
bend, a nearly horizontal section, and a parabolic t ransi t ion section tha t  
discharges into a s t i l l i n g  basin a t  the tunnel portal. Two 50- by 61.66- 
foot radial  gates are provided a t  the spillway cres t  separated by a 
tapered concrete pier ,  Figure 7. The picr  extends about halfvay down the 
tunnel incline. The extra length i s  provided primarily fo r  s t ruc tura l  
support of the tunnel roof. 

The s t i l l i n g  basin apron is 44-8 f e e t  below the spillway crest  
and 25 f e e t  below the top of the end s i l l  of the s t i l l i n g  basin and the 
level  of 'the excavated discharge channel connecting the s t i l l i n g  basin to  
the r iver  channel. The tunnel out let  portal i s  1,771.5 fee t  downstream 
from the crest  measured horizontally and 120 f e e t  upstream from the end 
of the s t i l l i n g  basin. 

Model Studies of Yellowtail Dam Outlet Works 

Model Studies o f  Yellowtail Spillway 
G. L. Beichley 





The Reservoir 

The reservoir was contained i n  a head box which allowed repro-, 
duction of the topography for  300 f e e t  upstream f'rm the spillway crest  
and approxhately 300 fee t  t o  the r ight  and 100 fee t  t o  the  l e f t  of the  
spillway center l ine.  Topography i n  the reservoir area was modeled of 
concrete mortar placed on metal la th  which had been nailed over wooden 
templates shaped to the ground surface contours a s  shown i n  Figure 13A. 
The surface was given a rough f inish t o  simulate the natural topography 
of the prototype. 

Spillway Structure 

Gate section. The gate section consists of the crest ,  gates, 
and center pier.  The crest  was molded i n  cement mortar, Figuse 19. 
Sheet-metal templates accurately cut and placed were used as guides, 
Figure 13B. Piezometers were instal led i n  the spillway crest  and con- 
s is ted  of 1/16-inch inside-diameter brass tubes soldered at r ight  angles 
t o  the profi le  shape of the template and f i l e d  flush, Figure 13B. 

The radial  gates were constructed of 16-gage sheet metal. 
Threaded rods with a crank handle were profl-ded for  regulating the gate 
opening. 

The center pier for  the preliminary design was constructed of 
wood, Figure 1411. The pier was soaked i n  linseed o i l  t o  prevent warping. 
I n  the recommended design the portion of the pier extending over the 
cres t  section was constructed of sheet metal while tha t  portion extending 
in to  the tunnel w a s  constructed of transparent plast ic .  

Tunnel. In the preliminary design the upstream portion of the 
tunnel t ransi t ion containing the center pier,  shown i n  Figure 12, wss 
formed of sheet metal, Figure 13C. The remainder of the tunnel, down- 
stream t o  the t ransi t ion section preceding the s t i l l i n g  basin, was molded 
i n  transparent plastic.  Wood patterns, Figure 1 4 ~ ,  were accurately shaped 
fo r  use i n  molding the p las t ic  tunnel sections. The plast ic  sections were 
then flanged hnd boltedtogether using waterproof grease between flanges 
t o  prevent leakage. Plastic piezometers having a l/l&inch inside 
diameter were i ~ s e r t e d  a t  regular intervals along the invert and crown 
of the tunnel. 

The tunnel t ransi t ion section preceding the s t i l l i ng  basin i n  
the preliminary design was molded i n  cement mortar similar to , t he  method 
used for  construction of the crest  section. Piezometers were inserted 
along the  invert i n  a l ike  manner. The top of t h i s  section of tunnel 
was l e f t  open for  observing flow conditions. In the recommended design 
t h i s  t rensi t ion section and the upstream transi t ion section containing 
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the p ier  were rebuilt  of transparent p%tic, the  semr as the remainder 
of the tunnel. 

Hydraulic losses. Head ,losees due t o  f r i c t ion  i n  the model cue 
usually greater, proportionately, than indicated by the model scale 
because surfaces suff icient ly smooth t o  represent prototype swfaces t o  
scale do not exist. Therefore, t o  maintain the  scale velocity of tha 
flow entering the s t i l l i n g  basin, it was necessary t o  e i ther  increase the 
slope of the tunnel o r  reduce the horizontal length. To maintain p m p r  
geometric similitude at the  Junction of the tunnel and the stilliriri basin, 
it was better  t o  reduce the tunnel leagth than t o  increase the tunnel 
slope. For developing the design of +the still* basin, it ,yas important 
that the velocity of the  sweep-out discharge be correctly represented i n  
the model. The model tunnel length reduetion was, therefore, calculated 
fo r  the anticipated maximum capacity of the s t i l l i n g  basin, ~6,000 second- 
feet ,  at an entrance velocity of 81 feet per second. The reduction i n  
length was computed t o  be 8.83 fee t  i n  the model o r  approxilllately 477 f e e t  
i n  the prototype. This reduction was based on a p r o t o t m  roughness 
coefficient "a" of 0.014 i n  Manning's equation and a model roughness 
coefficient of 0.009, which represents a prototype roughness coefficient 
of 0.0175. Based on these coefficients, the tunnel would have been short- 
ened t o  10 feet  t o  correct for  173,000 second-feet. 

Spillway s t i l l i n g  basin. The preliminary basin had a concrete 
f loor with sheet-metal sidewalls. Sheet-metal templates accurately cut  
and placed were used as guides in  molding the f loor  t o  correct elevation. 
In the recommended design, the upstream portion of the basin was molded 
of transparent plast ic  while the downstream protion, which w a s  open at 
the top, was constructed of wood presoaked in  linseed oi l .  

The Tail  Water Area 

Outlet works. In the preliminary design, the  outlet  works con- 
s is ted  of two 90-inch h~l low-Jet  valves discharging direct ly into the 
r iver  channel from the valve house sham i n  Figure 12. No s t i l l i n g  basin 
was provided. Since t h e  model valves were only 1.8 inches i n  noariaal 
di-ter, they were c;onstructed of plast ic  w i t h  no provision for flow 
regulation. The valves thus operated i n  the 100 percent open position i n  
the model. A recess'was molded in to  the  riverbed downstream Prom t h e  out- 
l e t  valves and f i l l ed  with 318-inch crushed rock which provided a movable 
bed for  erosion studies. In,the recomncnded design, a s t i l l i n g  basin was 
instal led along the r ight  bank addwent t o  the powerhouse. 

Poverhouse. The model powerhouse training U s  and draft tube 
outlets  were constructed of wood as shown i n  Figure 12. Measured flows 
w e r e  introduced into the  model, passed through a baff le  system, and 
released through the draft tubes in  such a wery t h a t  the  discharge and 
velocity leaving the structure represented protot*yp flow conditions. 



River channel. A length of r iver  channel extending from the  - 
powerhouse t o  approximately 1,000 fee t  downstream fran the spillway 
portal  w a s  simulated i n  the model as shown i n  Figure 12. Topography 
was first molded i n  3/4-inch gravel, then covered with a 3/4-inch layer 
of cement mortar. 

Water Supply 

Water was supplied t o  the model from the laboratory's permanent 
supply system. All flow entered the head box and was measured by ca l i -  
brated Venturi meters. The portion of t h e  flow t o  be passed through the 
powerhouse and ou t l e t  works entered a supply pipe connected t o  the head 
box and was measured by meens of a bend meter calibrated i n  place and 
shown in Figure 12. The differential. pressure between the inside w a U  
of the bend and the  outside d l  was used t o  calibrate the bend meter 
f o r  a range of discharges. To again divide the flow and measure the 
portion t o  be passed through the outlet  works, a piezometer was instal led 
1 diameter upstream from one of the hollow-jet valves. The discharge 
pressvae ,relationship a t  the piezometer was determined f'roln calibration 
t e s t s  with the s tmcture and piping i n  place. The valves could there- 
fore be regulated so tha t  proper division of the flow could be made 
between the spillway and the powerhouse and out le t  works structures, 
then f'urther divided between the out le t  works.and the powerhouse. 

Water-surface Elevations 

The.reservoir water-surface elevation was measured by means of 
a hook-gage-in-well shown i n  Figure 12. Water-surface elevations i n  the 
r iver  channel were controlled by a ta i lga te  at the downstream end of the 
model. Two s taf f  gages and a point gage were used t o  measure the  eleva- 
t ion  of the water surface i n  the r iver  channel at three locations. Staff 
gages were used at the powerhouse and near the  spillway s t i l l i ng  basin 
while the point gage, shown i n  Figure 12, was used near the downstream 
end of the model at  about Station 24+00. 

The Outlet Works Model 

The out le t  works model, Figure 15, constructed t o  a 1 :28 scale, 
u t i l ized  two 3-inch hollow-jet valves t o  represent the two 84-inch valves 
of the prototype. The valves discharged into a stilling basin w i t h  an 
erodible bed downstream. 

The 3-inch valves were operating models caref'ully mach-ined of 
brass. The s t i l l i n g  basin was constructed of wood, however, the center 
w a l l  and one training wall were covered with sheet metal. The other w a l l  
was the glass side of a test flume and provided means for observing the  
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flow throughout the depth of the basin. The r iver  channel topography 
was molded i n  sand t o  provide a movable bed fo r  studying erosion 
characteris t ics  of the flow from the basin. 

Water was supplied t o  the model from a portable vert ical  pump 
through an 8-inch l ine  t o  a manifold where it was divided between $he 
3-inch pipes supplying the hollow jets .  A portable 8-inch or i f ice  
Venturi meter was used t o  measure the discharge. The piezometric head 
on the valves was se t  i n  the model by opening or  closing the hollow-jet 
valves and observing the pressure 1 diameter upstreem from each valve 
where a piezmeter and water manometer had been installed. Water-surface 
elevations i n  the r iver  channel were regulated with a ta i lga te  and 
measured by use of the t a i l  water staff gage, shown i n  Figure 15. 

THE INVESTIGATION 

Purpose and Scope 

The primary purpose of the investigation was t o  develop the 
hydraulic design of the spillway and outlet  works structures and t o  
determine the effect  of operating the three discharge structures singly, 
i n  pairs,  o r  all together. In  developink7the spillway design, it was 
necessary t o  study the characteristics of the flow a s  it approached and 
passed through the spillway as  well as the characteristics of the flow 
as it entered and flowed through the r iver  channel. Two spillways were 
tested; the preliminary spillway ut i l ized  a 45-foot-diameter horseshoe 
tunnel while i n  the recotmended design the diameter was reduced t o  41 
feet .  Each was tested with modifications t o  the entrances and exits .  

In  developing the  outlet  works s t i l l ing.basin,  a f t e r  preliminary ' .  
tests on the  1 : 54 model had shown the need fo r  an energy dissipator , it 
was necessary t o  study the flow i n  the s t i l l i ng  basin and i n  the r iver  
channel. The s t i l l i ng  basin developed i n  the 1:28 scale model was then 
reconstructed i n  the 1:54 scale model and tested with and without the 
powerhouse and spillway operating. 

Preliminary Spillway 

The prelinainarry spillway tunnel had a 45-foot-diameter horseshoe 
cross section, Figure 16, and many of the features used i n  the  recanmended 
spillway were developed using the  preliminary tunnel. The shape of the 
spillway approach, the general arrangement of the converging spillway 
bays, and the general concept of the spillway s t i l l i n g  basin were deter- 
mined dsing the preliminary tunnel. Final developxnents were made using 
the recaumended smJJ.er tunnel. 
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t raining w a l l ,  and along the center l i n e  of the l e f t  bay fo r  the design 
flow of 173,000 second-feet. The profi le  i n  the r ight  bay was also 
obtained f o r  discharges of 60,000, 125,000, and 173,000 second-feet by 
photographic record, as shown in  Figure 23. The flow profi les  were 
satisfactory. 

Tunnel 

Flow through 'the tunnel i s  shown i n  Figures 24 and 25 fo r  dis2 
charges of 20,000, 60,000, 125,000, and 173,000 second-feet. A standing 
water f i n  occurred i n  the inclined tunnel anti was most prominent for  the 
smaller discharges. The f i n  was caused by flow convergence a f t e r  passing 
the cnd of the center dividing pier.  The pier,  which extended well down 
in to  the inclined tunnel, could not be eliminated or  shortened because 
it was needed fo r  s tructural  support of the tunnel roof. Pressures were 
measured at three piezometers located on the center l ine  of the tunnel 
downstream from the pier,  as  shown i n  Figure 24. No subatmospheric 
pressures were found fo r  any discharge. Flow through the ent i re  tunnel, 
including the horizontal portion, was satisfactory. Observations of 
the flow i n  the converging section of the upstream transi t ion suggested 
the possibi l i ty  tha t  the convergence angle could be increased t o  provide 
a shorter t ransi t ion section and reduce the overall  cost of t h i s  portion 
of the structure. Conferences with the designers indicated tha t  they ' 

were of the same opinion. It was decided tha t  the convergence angle 
could be increased from 4' t o  6' or more. 

Observations and measurements of the flow depth i n  the tunnel 
indicated tha t  the tunnel flowed only about two-thirds full at  maximum 
discharge. Since insufflation of air and bulking of the flow at t h i s  . 
discharge would be negligible i n  the prototype, and since the most 
economical spillway possible was desired, it was suggested t o  the 
designers t h a t  the cross-sectional area of the tunnel be reduced. It was 
suggested, since the tunnel was open fo r  ventilation at  both ends and 
flow through the tunnel was unusually smooth and uniform, t h a t  the tunnel 
be designed t o  flow 0.8 f u l l .  

To determine the tunnel size tha t  would produce the desired 
flow depth for  the maximum discharge, the model discharge was increased 
u n t i l  the depth of flow was 0.8 of the tunnel height. A discharge of 
200,000 second-feet w a s  required. Since 173,000 second-feet i s  the 
maximum design discharge and the scale of the model i s  1:54, then 

' 

54 512 200,000 
(173 ,om ) = 

where X i s  the model scale if 200,000 second-feet is scaled down t o  
173,000 second-feet 
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undesirable condition since a dammed-up channel would probably reduce the 
powerplant head and, therefore, need t o  be cleaned out. However, it i s  
intended, based onr'flood frequency curves, tha t  the releases w i l l  seldom 
be more than ~O,O'OO second-feet, part  of which w i l l  be handled by the 
powerplant ancl 'o~tlet~works. The spillway w i l l  seldom be required t o  
discharge more than the s t i l l i n g  basin capacity. It should be realized, 
however, tha t  when spillway flows exceed 14,000 second-feet , the basin 
w i l l  f l i p  water into the r iver  channel, and some cleanup of ta lus  
material might become necessary. 

I n  the preliminary design, the s.t;illing basin apron w a s  con- 
structed downstream from the e x i t  portal of the tunnel. After the f i r s t  
t e s t s  it w a s  suggested tha t  the basinfapron be moved upstream so tha t  the 
tunnel i t s e l f  could be used-as part  of the basin, resulting i n  a more 
economical structure with the overall  length of the spillway structure 
reduced. 

The distance tha t  the basin apron could be moved upstream w a s  
dependent upon the waker-surface profile i n  the basin. If the apron was 
moved too far upstream, the water surface would s t r ike  the roof of the 
tunnel portal. Therefore,water surface profi les  were measured fo r  the 
design flow of 173,000 seco~d-feet  and fo r  the s t i l l i n g  basin capacity 
of 14,000 second-feet, Figure 29A, since for  these two discharges the 
water surface would be higher than a t  any other time. The ~ r o f i l e s  show 
t h a t  it i s  possible t o  move the basin upstream; however, the basin was 
further  developed before i t s  location was changed i n  the mcdel. 

Modification of preliminary basin. To p r o ~ i d e  a more 
ecor.omical basin, the basin apron and the excavated discharge channel 
bottom were elevated 10 f e e t  t o  elevations 3145 and 3170, respectively. 
This modification reduced the amount of excavation required and also 
reduced the length of the t ransi t ion t o  the basin. The ~erformance was 
similar t o  the preliminary basin even as t o  the quantity of f l o w  required 
t o  sweep out the hydraulic jump. The jump remained i n  the basin for  
13,900 second-feet but was swept out f o r  14,000. 

Water-surface profi les ,  Figure 29BJ were again measured, as fo r  
the preceding basin, t o  determine how far the basin could be moved 
upstream. It was found-that even with the elevated f loor  the basin could 
be moved several feet  upstre* into the tunnel without risking closure at 
the e x i t  portal. 

Pressures were recorded along the invert  of the tunnel-to- 
s t i l l ing-basin t ransi t ion for  a range of discharges as shown in  Figure 
30. Pressures were subatmospheric fo r  only the higher discharges and 
these were not excessive. For maximum discharge the largest  subatmos- 
pheric pressure recorded was 5.4 fee t  of water a t  Piezometer 3 located 

!; 
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approximately 40 feet downstream frm the start of the transition. 
Pressures were therefore satisfactory. 

Testing was continued with this basin moved upstream into the 
tunnel after the recommended tunnel was installed in the model. The 
final tests are discussed in "The Recommended Spillwayt' section of this 
report. 

* 
Powerplant Tailrace and Outlet Works 

The preliminary design of the powerplant tailrace and outlet 3 
works is shown in Figure 31. The powerplant contains four turbines and 
the outlet works two 90-inch hollow-jet valves. The turbines are 
designed to discharge approximately 1,600 second-feet each and the hollow- 
jet valves approximately 4,000 second-feet each. The hollow- jet valves 
discharged directly into the river channel from a valve house on the right 
bank downstream from the powerplant. No stilling basin was provided. 
The powerplant tailrace contained a concrete :weir to maintain the proper 
tail water depth above the draft tubes. 

With reservoir elevation 3614 and the outlet valves discharging 
their combined maximum flow of 8,200 second-feet , the poweqlant dis- 
charging 3,200 second-feet, and the spiilway discharging 8,600 second- 
feet to produce a river discharge of 20,000 second-feet, as shown in 
Figure 32A, wave action along the right bank of the channel was rather 
severe. With the spillway not discharging, the Jets from the valves 
washed high on the left bank, particularly when the powerhouse was not in 
operation, as shown in Figure 32B and C. Either case is undesirable for 
prototype operation because of the danger of washing talus material into 
the river channel and causing a rise in tail water elevation in the 
powerhouse tailrace. Reduction of head on the powerplant or frequent 
cleaning of the channel was not desirable. 

Another undesirable flow condition existed when the spillmy, 
outlets, and powerhouse were all operating as shown in Figures 32A and 
33. A large unstable eddy occurred upstream and to the left of the valve 
jets. The eddy caused the water upstream of the weir in the powerplant 
tailrace to rise to elevation 3175. At this elevation the eddy ceased 
and water flowed downstream *om the tailrace axes until the water sur- 
face in the tailrace was lowered to elevation 3174 at which elevation the 
eddy began again. The cycle was repeated over and over again. This I 
fluctuation in level at the draft tube outlets was considered undesirable 
for best powerplant performance. 

J 
A suggestion that the outlets be moved to the left, adjacent 

to the powerplant draft tubes, so that the valves could be aimed more 
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directly downstream could not be adopted because of s tmctural  reasons. 
A stj11rzZg basin was then suggested. 

Ihe idea was first exglored in the model by s ~ p a r i n g  an 
erodible bed in which the jets from the horizontal outlet valves could 
scour a natursl basin. B e  scour hole would, thereby, indicate the 
natural location and depth t o  which a basin could be excamted. 

To determine the extent of the  basin, two erosion tes t s  were 
ruxl as ahawn in figures 9 and 35. Each began with .the parezhouse &is- 
charging 3,200 second-feet and the tai lrace water surface at the expected 
elevation 3179. lChe tail. water control &ate setting was not changed 
during each tes t ,  but the discharge i n  the channel w a ~  increased over a 
period of a p p m m t e l y  30 minutes t o  20,000 second-feet by adding the 
outlet and spillway discharges i n  tno probable aperating sequences as 
furnished t o  the laboratory by the designers. For each t e s t ,  the eleva- 
t ion of the bar of deposited material was also measured and found t o  be 
a t  elevation 3181. Ihe average depth of scour was t o  elevation 3145. 
%!his occurred quite some distance downstream from the oublets. 'Parard 
the end of each tes t ,  as the scoured hole was formed, the appearance of 
the flaw i n  the puwerhouse tai lrace and river channel was only slightly 
improved. It was, therefore, found that an excavated basin would n e e  
be very large and would still  not quiet the flow very satisfactorily. 

It was also noted that a f te r  the bar was formed and when only 
the puwerhouse was discharging, the elevation of the water surface i n  the 
powerhouse tai lrace was approldmately 2 feet  hi@erthan the elevation at 
which the tes t s  wen? begun. Thus, these t e s t s  also shared that  it is 
important that  a bar of deposited material does not form i n  the river 
channel. As a result of these tests ,  it was thought that t i l t i n g  the 
a v e s  downward m i & t  redke the size requirement of the excavated basin, 
but that  t o  quiet the flow satisfactorily i n  as small a space as possible 
an enclosed concrete basin similar t o  the one recommended fo r  use a t  
Boysen d w o u l d  be required. Such a basin was tested first in the 
spillway model and then in a larger scale outlet works model. 

Outlet Works St i l l ing Basin 

Preliminary Basin 

A t  this stage of the investigation, the designers mduced the 
design capacity of the outlets fmm 8,000 t o  5,000 second-feet and the 
size of the hollow- jet  valves f m  90 t o  @+ inches. For reservoir 
elevation 3640 at which the valves are t o  operate, the head was compvted 
t o  be 380 feet  at the nl&t valve and 368.6 feet  at the l e f t  valve. 

3Hyd-283, "Hydraulic Model Studies of Boysen Outlets," by E. J. Rusho. 
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The plas t ic  model hollow -jet valves i n  the 1: 54 scale model were reused 
for  these preliminary basin t e s t s  and, therefore, represented 90-inch 
valves fixed a t  100 percent open. 

The preliminsry basin, shown i n  Figure 36, was first instal led 
' 

i n  the spillway model and operated as shown i n  Figure 37 for discharges 
of 8,000 and 5,000 second-feet. The roof of the basin was omitted in  
the model, and the top of the center and l e f t  training walls uae a t  
elevation 3184 instead of a t  elevation 3206, a s  shown in  Figure 36. 

For 5,000 second-feet, it appeared tha t  the preliminary basin 
could be reduced i n  s ize but that  the converging w a l l s  on the sloping 
floor appeared t o  be too low t o  canpletely contain the jets between 
them. The water surface was quite smooth, but, because the model valves 
were oversized and could not be regulated t o  produce the design head.at 
the valves, the water surface i n  the model basin probably appeared t o  be 
smoother than if true model valves were used. 

To develop the s t i l l i n g  basin design it was decided t o  construct 
a larger independent model with operating valves and a transparent side 
w a l l  on the basin. The model constructed for  t h i s  study is shown in  
Figure 15. In t h i s  model, too, the roof of the basin was anitted and the 
upstream portion of the center training w a l l  did not extend t o  the fu l l  
prototype height. The basin ut i l ized two 3-inch model brass valves tha t  
were readlly available i n  the laboratory. One w a U  of the basin was 
constructed with glass for  observing f l o w  characteristics throughout the 
ent i re  depth of the basin. 

Basin One 

me design and construction of the model began before the 
designers had specified &-inch valves t o  replace the 90-inch valves. 
The +inch model valves were t o  have provided a 1:30 model scale. How- 
ever, because the prototype valve size was changed t o  & inches, the 
model scale became 1:28. Thus, the model dimensions of Basin One, shown 
i n  Ngure 38, represented a prototype whose dimensions were 28/30 of 
those shown for  the preliminary basin i n  Ngure 36. The width of the 
basin became 18 feet  8 inches Instead of 20 fee t  and the length 197.88 fee t  
instead of 213 feet.  However, the 12-foot-high converging walls i n  
Figure 36 were increased t o  a height of 14 feet i n  Ngure 38 because the 
12-foot height in the 1:54 scale model was considered t o  be too low. 

The elevation of the valve center l i ne  i n  Ngure 36 was 
maintained i n  the 1:28 scale, Ngure 38; therefore, it was necesssry t o  
change a l l  other elevations. For example, the basils.floor.was changed 
from elevation 3144 t o  elevation 3146.4. However, the center training 





Basin Three i s  shown discharging 5,00O*second-feet with reser- 
voir elevation 3640 i n  Figure 4 1 ~ .  ~ e r f o r m k c e  was very .good. The 
ucstream portion of basin was well u t i l ized ,  and the water surface i n  the 
basin and leaving the basin was quite smooth. The energy-dissipating 
action was moved upstream suff icient ly tha t  the length of basin could be 
reduced. Further test ing was done t o  reduce the amount of spray occurring 
at the converging walls. 

Basin Four Recommended 

Using the same height of converging walls and gap width as 
used i n  Basin Three, the walls were lengthened t o  provide a more gradual 
convergence s tar t ing  a t  the top of the slope. The w a l l  lengths were thus 
increased'to 46 feet.  Tfie performance of the basin i n  dissipatl:~g energy 
w a s  very good, as shown i n  Figure &A,.. fo r  the design discharge of 5,000 
second-feet at reservoir elevation 3640. The spray at  the converging 
walls was also  eliminated. It appeared tha t  t h i s  basin could be reduced 
37 fee t  3 inches i n  length. Note ' i n  Figure 42A tha t  the bottom currents 
have l e f t  the floor well upstream from the end of the paved apron. 

Pressures were measured along the downstream edge of the con- 
_ verging walls at the three piezometers shown i n  Zigure 4 2 ~ .  For the 

design discharge, reservoir elevation and ta i l  water elevation all 
pressures were above atmospheric. 

Tests with the ta i l  waBer below normCL elevation were made t o  
determine the factor of safety against sweep out if the tai l  water 
elevation i n  the prototype should be lower than expected. Figure 43A 
shows the basin t o  perform well i f  the tail  xater elevation.-is 2 f e e t  
below the expected normal elevation, and not u n t i l  the tai l  water eleva- 
t ion  reache& 7 feel; below the expected normal did the flow sweep out, 
Figure 4 3 ~ .  The factor  of safety against sweep out.was therefore 
satisfactory. This basin with the length reduced 37 fee t  3 inches was 
recommended for prototype construction a f t e r  Basins Five through Eleven 
had also been tested. 

Basin Five 

Experiments were continued i n  an attempt t o  move the  energy- 
dissipating action even farther upstream so tha t  the basin length could 
be f'urther reduced. For Basin Five, a s i l l  was added t o  the  previously 
tested basin, as  sbown i n  Figure 42~. The s i l l  extended across the  fW.1 
width of the basin, bu.t t e s t s  showed the s i l l  t o  be located too far 
downstream. The sill turned the flow immediately t o  the surface and 
caused a very high boil ,  as shown i n  Figure 4 2 ~ .  
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Lowering the tai1,water elevation 1 foot for 5,000 second-feet 
reduced the pressure at Piezometer 2 to about 2.5 feet below atmospheric; 
other pressures were still above atmospheric. Maintaining the tail water 
at elevation 3179, but increasing the discharge to 6,000 and then to 
8,000 second-feet reduced the pressures at Piezometers 2 and 3 to 
subatmospheric. For 8,000 second-feet with tail water elevation at 3179, 
the pressure at, Piezometer 2 was 21 feet of water below atmospheric and 
for 6,000 second-feet was 3 feet of water below atmospheric. These, of 
course, are2not contemplated operating conditions, but the tests indicate 
the pressure trends. 

It was ~ttempted to determine the tail water elevation at which 
the flow would sweep o ~ t  of the basin. The tail watt%= was lowered to 
elevation 3168, which was as low as possible in the model, but the flow 
would not sweep out. From a hydraulic standpoint this basin performs 
satisfactorily, and with the length reduced 65 ' feet would provide an 
econoxical structure. However, since the effectiveness of t3e basin is 
based on impact action on a smdl area, it was felt that at high heads 
the concrete walls and floor of the basin night rapidly deteriorate under 
continued operation. 

Basin Nine 

In Basin Nine, shown in Figure 45~, the sill used in Basin 
Eight was tilted upstream so that its upstream face was at an angle of 
45' with the floor. More stilling action occurred &OM the sill than . 
in Basin Eight, and it appzared that the basin could7be made another 5 
or 10 feet shorter than Basin Eight. The stilling action in the upstream 
portion of the basin created some water surface roughness there, but the 
water surface was smooth as it left the basin. 

Basin Ten 

In Basin Ten, Figure 47, tile elevation of the floor was raised 
6 feet and the length reduced 70 feet. The sill and sill location were 
the same as used in Basin Nine. 

The basin performance for 5,000 second-feet with reservoir 
elevation 3640 was not quite as good as for some of the earlier basins 
since the water surface in the upstream portion of the basin was higher 
and rougher. However, the energy dissipation appeared to take place in 
a shorter length of basin, and the water surface leaving the basin was 
very smooth. The dissipating action appeared to occur in about the same 
manner as described for Basin' Eight. 

The basin performed very w e l l  in dissipating the energy of the 
design flow for tail water elevations.below norkd, as shown in Figure 48. 
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3640 ankl tail watez elevation 3179. The basins were, therefore, tested 
for 6,000 as well as 5,000 second-feet. After completion of these tests, 
however, the designers decided to limit the maximum capacity of the 
outlet works to 5,000 second-feet. 

Basin Four is shown discharging 5,000 second-feet in Figure 5M 
and 6,000 second-feet in Figure 51B. Performance of the basin was not as 
good for 6,000 as for 5,000 second-feet , The capacity of the basin 
appeared to be exceeded with 6,000 second-feet; and if the tail water 
elevation was lowered 2 feet below normal, the flow was on the verge of 
sweeping out of the basin, as shown in Figure 51C. Basin Four, therefore, 
is not recommended for flows exceeding 5,000 second-feet. Basin Four was 
also tested for other anticipated operating conditions. Tests were made 
for small ?lows and for 5,000 second-feet with the reservoir at elevation 
3337. For these tests the basin was found to be very satisfactory, as 
previously described in the tests for Basin Four. 

Basin Ten was tested for the same conditions described for 
Basin Four. Discharging 5,000 and 6,000 second-feet , Figure 52, Basin 
Ten performance was excellent, and the water surface of the flow leaving 
the basin was smoother than in Basin Four. Compare Figures 51 and 52. 
For 6,000 second-feet the tail water elevation could be lowered at least 
6 feet below normal withou-b the flow sweeping out. Figures 48 and 43 
also show that Basin Ten performe better than Basin Four w i t h  below nopmal 
tail water. However, for low tail water, subatmospheric pressures occur 
on the sill of Basin Ten as previously pointed out in Figure 49. 

For small discharges with high reservoir elevations, Basin Four 
performed better than Basin Ten. The sill produced some water-surface 
roughness that did not occur in Basin Four. However, this rou&mess was 
not considlered to be objectionable since it did not persist downstream 
from the basin. 

Pressures were measured in both basins at locations considered 
to be critical. Pressures on the sill for Basin Ten are recorded in 
Figure 49. A pressure head of 84 feet of water was recorded at Piezomekr 
1 on the upstream face of the sill for 5,000 second-feet with reservoir 
elevation 3640 and tail water elevation 3179. On top of the sill at 
Piezometer 2 a subatmospheric pressure of 1 foot was recorded for the same 
discharge condition. With lower tail water elevations, the subatmospheric 
pressures increased at Piezometer 2 as previously discussed. 

Pressures were also measured at three piezometers,<shown in 
Figure 50, along the downstream face of the walls to determine whether 
subatmospheric pressures might be present. None were found in either 
basin. Pressures on the glass wsll,side of the basins were also ' 

measured. The w a l l  area was probed, usi~.a.movable giezameter, to 





Long and short radi i  f i l l e t s  were tested i n  the model, a l l  of which 
performed satisfactorily.  The purpose of t h e - f i l l e t  was t o  reduce impact 
effects  on the basin f loor and to  provide positive cleaning action of 
accumulated debris when the valves are first opened. In the mde l  this 
f i l l e t  did not appear to be necessary t o  improve the cleaning action 
since gravel deliberately placed i n  the corners quickly washed out when 
the valves were opened. In the prototype, however, tbe fillets m i g h t  
a id in flushing out more densely packed debris and thezeby reduce the 
possibili ty of abrasive erosion of the concrete. 

Tests were then conducted to determine whether the valves 
might become submerged i f  it ever became necessary to discharge w i t h  
above noanal tail water conditions. The model was operated w i t h  
extremely high tail water elevations, but i n  no case were the valves 
submerged. A t  a l l  times the jets  were open to the atmosphere and proper 
ventilation of the je ts  occurred. 

It was evident, however, that the basin did not perform a s  
well with high tail t e r  a s  with normal tail water whe.n the basin was 
discharging 5,000 se r ond-feet, a s  shown i n  Figure 54. More sir is 
entrained in  the water in  the basin and higher waves occur in the basin 
and downstream than when the tail water i s  a t  normal elevation 3179. 
Tai l  water elevation 3185.3, shown i n  Figure 54, vil l  occur when the 
spillway and powerhouse are discharging i n  addition t o  the out le ts  to  
produce a t o t a l  of 20,000 second-feet, Figure 27. Since tail water 
elevations higher than eLevation 3179 w i l l  occur only occasionally, t h i s  
characteristic of Basin Bur was not considered objectionable. 

The recommended Basin Four, Figure 55, was then i n s b l l e d  in 
the 1:54 scale model along w i t h  the recommended 41-foot-diameter horse- 
8koe spillway tunnel. Basin Four was found to operate a s  satisfactorilj- 
in the 1:54 model a s  in the 1:28 scale model. After completion of the 
model studies the recommended basin was al tered sl ightly a s  shown on 
Figures 8, 9, and 10. 

The Reco-nded Spillway 

The ent ire  spillway, including the cres t  section and the 
recommended 41-foot radius horseshoe tunnel, was redesigned a s  shown i n  
Figure 56 and instal led in  the 1:54 scale model, nplacing the crest  
section and preliminary 45-foot radius tunnel shown i n  Figure 16. 

Redesign of the cres t  section'and the converging transition 
was made on the basis of recommendations made a f t e r  obeerving the pre- 
liminary structure. It was apparent tha t  the convergence angle could be 
increased from 4* t o  approximately 6 O ,  thereby shortening the transition 
and reducing the cost, without producing unsatisfactory flow conditions 
in the tunnel. Other modifications i n  the crest  structure were made for 
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structural  reasons and s t i l l  further modifications were made af%er 
completion of the model study t o  simplify prototype construction as 
shown i n  Figures 5 and 6. i 

The outlet  works basin developed i n  the 1:28 scale model t e s t s ,  Y- 

and most of the other modifications recommended during the preliminary 
t ume l  t e s t s  were a lso  incorporated i n  the .model. The entire  revised 
design was then tested, and further modifications were made before the 
structures were recommended for  prototype use. 

Spillway Approach 

The spillway approach channel, a s  developed i n  Figures 17 and 
18, was modified by the designers t o  provide clearance fo r  construction 
of the r ight  and l e f t  spillway piers. For construction reasons the  
designers found it was desirable t o  cut into the topography at both the 
r ight  and l e f t  piers. These cuts as  first designed, Figure 57, were 
instal led i n  the model, Figure 58, and tested. 

Flows up t o  about 100,000 second-feet were satisfactory, as  
shown i n  Figure 5 8 ~ ,  C,  and D, but fo r  discharges of 100,000 t o  173,000 
second-feet a boi l  occurred i n  the cutout area on the r ight .  Other flow 
characteristics dong  the r ight  and l e f t  banks were satisfactory. To 
eliminate the boil ,  the extent of the cuts was reduced at both the r ight  
and l e f t  piers ,  a s  shown by the recommended revision i n  Figure 57. 

The center p ier  nose shape i n  the preliminary design was also  
revised fo r  the recommended design. The recommended pier  nose was shaped 
a s  shown i n  Figure 59. This nose i s  more pointed than the-preliminary 
one; and, therefore, reduces the water-surface drawdown effect  tha t  was 
experienced i n  Figure 19. The recommended nose performed very well a s  
shown i n  Figure 58. 

Spillway Crest Section 

Calibration. The crest  section of the recommended spillway, 
shown i n  Figure 56, was calibrated for  both gate controlled and 
uncontrolled flow. The discharge cslibration curves fo r  both are shown 
i n  Figure 60. After the model study was completed the crest shape was 
redesigned as a warped surface, Figure 5, and the w t e s  were redesigned 
t o  the s ize and position shown i n  Figure 6. Therefore, the calibration 
curves i n  Figure 60 can only be used i n  an approximate way fo r  the 
prototype structure. 

The coefficient of f ree  discharge was cmputed f'rm the 
equation 

. I 
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obtained f'rom simple curves rather than from the usual parabolic curve. ' . 
J-Uterations three and four were made t o  provide a deeper pool a t  the 
discharge end of the tunnel so tha t  the discharge channel could ac t  as 
part of the s t i l l i ng  basin when the bucket was not operating as a f l i p  
bucket. 

Operation with t h i s  basin was poor; the high downstream 
topography i n  the discharge channel prevented proper ex i t  conditions for  . 
the flow. It was evident tha t  be t ter  performance would be obtained if 
the 1 on 5 slope was replaced with a horizontal channel flow. Therefore, 
the slope was removed without f'urther tes t ing  of Basin I. (P 

Basin 11. Basin 11,shown i n  Figure 67, was the same as Basin 
I except that the topography i n  the discharge channel was removed t o  
elemition 3170. This made it possible t o  perform t e s t s  on the basin 
i t s e l f  which could not be made with the higher topography blocking the 
downstream flow. 

The 4:l sloping s i l l  produced a clean jet;  however, the f l a t  
sLll slope did not project the flow downstream as  far as was considered 
desirable and t;he basin did not hold the hydraulic jump i n  the basin as 
well as the 2-1/2 sloping s i l l  in  the preliminary basin tes ts .  No 
further t e s t s  were made with the 4:l slope. 

Basin 111. Basin III,, Figure 67, was tested with rr 2 : l  sloping 
end sill. The j e t  leaving the s i l l  appeared unstable and ragged for  f ree  
flow with the basin acting as a f l i p  bucket. The hydraulic jump swept 
out of the basin at about 14,000 second-feet which was the same as fo r  
the basin having the 2-1/2:1 slope i n  the preliminary basin. The s i l l  
appeared t o  be too steep, therefore, further t e s t s  were made using other 
sill types. 

Basin I V .  In  Basin I V ,  Figure 67, a curved end s i l l  was tested. , 

It did not hold the jump i n  the basin as w e l l  as  the sloping s i l l  and, 
when acting a s  a f l i p  bucket, the j e t  was very ragged, especially so for  
discharges near 40,000 second-feet, as shown i n  Figure 68. Note the flow 
patterns i n  the plan view photographs of Figure 68. The concentrations 
of flow originated i n  the tunnel t o  basin trsnsition. Flow entered the 
tunnel t ransi t ion section with uniform depth across i t s  width but as the 
flow l e f t  the transition t o  enter the basin, the bulk of the flow was 
concentrated at the center l ine  of the tunnel. After impinging on the 9 

basin floor which spread the flow toward the side walls of the basin, 
the  sill again spread the flow toward the center. It was concluded tha t  
the  steeper the slope the more abruptly the  flow fram the two sides came u 
together, and, therefore, the more ragged the jet.  
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Basin V. To reduce the flow concentrations, a curved floor was 
placed at the intersection of the transition floor and the basin apron, 
Figures 67 and 69. Flow concentrations were still evident as previously 
described. The curved fillet was removed from the model before further , 

tests were made. 

Basin VI. The curved-face end sill in Basin V was replaced 
with a 2 - l m p i n g  sill, and an additional 45' sloping sill 4 feet 
high at the downstream end of the 2-1/2:1 slope, Figure 67. 'The adriitional. 
sill was added to extend the discharge limit for which the hydraulic jump 
would remain in the basin. 

!The jump remained in the basin for discharges up to approximately 
15,000 second-feet. However, the 45' sill caused a boil on the water 
surface when the Jump was in the basin; and the flow, after leaving the 
sill, appeared to pass through critical depth to form a second hydraulic 
jump. When the basin acted as a flip bucket the jet was clean, especially 
for the design flood of 173,000 second-feet. The jet arched high and 
spread to the f.'ull width of the river channel. Because of the poor 
performance with the jump in the bucket, the secondary sill was given no 
further consideration. 

Basin VII. Basin VSI was the same as Basin VI except that the 
4-foot sill was removed, Figure 67. This basin produced a satisfactory 
jet when it acted as a flip bucket, as shown in Figures 70, 71, and 72, 
for discharges of 40,000, 100,000, and 173,000 second-feet, but the basin 
did not hold a jump for 13,000 second-feet as shown in Figure 73. 

The basin design showed promise, however, and investigations 
were made upstreem f'rom the basin to improve the performance of the basin 
itself. 

The transition section to the stilling basin was investigated 
for pressures along its invert. Since the flow entering the tunnel 
transition section was uniformly distributed across the width, and since 
the flow leaving the transition section was concentrated in the center 
of the tunnel as described for Basin IV, it was reasonable to suspect 
that subatmospheric pressures existed along the invert of the transition. 

Pressure measured in the tunnel transition section, Figure 74, 
showed that the curvature of the invert was too .sharp. Pressure6 at 
some points along the invert were below atmospheric for discharges of 
10,000 to 15,000 second-feet and were about 35 feet of water below 
atmospheric for the design~discharge. The transition was, therefore, 
redesigned before testing continued. 

-, 
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PRELIMINARY STUDIES , 

A higher si l l  also  provide^ more jump capc i ty  as shown by the data. By 
interpolation between curves i n  45gure 77, the mst accrnamical basin t o  . 
cansfruct, ha- a ,IIW capacity sf 12,000 second-feet, is the one 
shown i n  Figure 78. me recormnended basin is 130 f ee t  long at apron 
elevation 3145 and has a si l l  at elevation 3170. A factor of safety of 
500 skcond-feet was used so  tha t  the model data actua3l.y indicated that 
the jump for  a flow of 12,500 second-feet would be reeained in the basin. 
Ihe average velocity of flow imnt3diate.y down8tream from the basin in 
the discharge chamel was messured to be approximately 19 feet  per 
second. 

With the apron at  elemtion 3145, instead of at 3135, the 
required excavation was l e s s  and the length of the transit ion and 
trajectory curve was reduced by approximately 30 feet.  However, with 
the b a s h  apron at elevation 3145, it was desirable to  raise the roof of 
the  basin 4 feet t o  elevation 3196. 

A water-surface profi le measurement for 12,000 second-feet, 
Hguse 79, shared that  it was necessary fo r  the top of the basin walls 
t o  be raised t o  elevation 3195 or hi(?per to contain the  waves within the 
basin. !be clearance between the w a t e ~  surface and the portal roof was 
approximately 14 feet. It was f e l t  that this clearance, o r  more, should 
be provided fo r  adequate verrtilation of the tunnel when the mcuclnnrm 
water-surface elevation occurred w i t h  the hyrh~~ulic j u q  in the basin. 

When the basin perfornred as a fllp bucket, it was also neces- 
sary that the tunnel have f ree  air passage from the gate section t o  the 
portal t o  reduce the possibility of subatmospheric pressures developing 
in the tunnel. !The reconmended design provides erufficient clearance for 
a l l  flows up t o  end including the design flow of 173,000 second-feet. 

Model @mtopphs of the reconmended spillway s t i l l i ng  basin 
discharging c813pot be presented because the tunnel portaJ, cram and 
the basin walls were never actwdly constructed t o  the  recommended 
elevations. However, EYgures 70 through 73 and Figure 80 show the 
discharge characteristics to be expected in the mcamm~nded design even 
thou& the portal crown and the  basin training walls are at elevations 
31% and 3190, respectively, instead of 3196 and 31%, respectively. 

!!!he ,principal difPerences between the flow shown in these 
figures and that which will occur in  the recommended prototype design 
are as follows: The clearsnce be.Sweenthe water surface and the basin 
roof wSU. be 4 feet  more than shown; the  freeboard above the water 
surface on the basin t m b h g  wslls will be 5 feet  more than shown; 
and the jet flow thro@ the basin w i l l  not clinib the basin m l l s  as high as 
sham because of the  longer tra&ition. !Be transi.t;ion 170 feet  long 
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used w l t h  the recormended design provided bet ter  flow conditions at the 
basin entrance than the t ransi t ion 150 fee t  long used w i t h  Basin VII. 

River Channel 

The r iver  channel discharging 20,000 second-feet i n  Figure do, 
12,000 through the spillway and 8,000 through the outlet  works, shows 
t he  flow conditions t o  be expected ih the r iver  channel just before . 
sweep out occurs i n  the spillway s t i l l i n g  basin. The basin shown varies 
from the recmended design i n  tha t  the crown of the portal is a t  
elevation 31% instead of 3196, and the  training walls are at elevation w 
3190 ina&ad of 3195. The clearance between water surface and portal 
roof, therefore, would be 4 f e e t  more than i s  shown and the freeboard 
on the training walls 5 feet more. 

, * 

Flow downstream from the powerhouse and outlet  works, shown i n  
Figure 80, has a much rougher water surface than would be encountered i n  
the  prototype because 8,000 second-feet i s  being discharged by the out- 
lets and none by the powerhouse, whereas, i n  the prototype the outlet  
works discharge wil l  not exceed 5,000 second-feet. NoFmslly, the power- 
house would discharge the additional 3,000 second-feet. The outlets  
discharging 5,000 second-feet produced good flow conditions i n  the 
channel either w i t h  or without the powerplant discharging. 

Tests were also conducted t o  determine the effects  o f t h e  
spillway discherge in  producing a drawdown i n  the powerhouse ta i l race  
channel. With the spillway alone discharging 12,000 second-feet, the 
tai l  water surface a t  the powerhouse was at approximately elevation 3182. 
With an additional 8,000 second-feet discharged through the powerhouse 
and out le t  works, the t a i l  water surface at the powerhouse was at 
approximately elevation 3186. When the  spillway discharge was increased 
t o  13,000 second-feet, the jump swept out of the s t i l l i n g  basin and the 
tail water surface a t  the powerhouse dropped approximately 3 f ee t  i n  
approximately 1-1/4 t o  1-1/2 model minutes, which i n  the prototype 
represents 9 t o  ll minutes. 
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A. Spillway* and . t h e 1  pier 

B. Wood pattern for &el transition 

YELLOWTAIL DAM 
SPILLWAY MODEL : CCMSTRUCTION 

1:54 SCALE MODEL 



















B. 125,000 eecond feet 

- - -  

C. 173,000 second feet 

YELLOWTAIL DAM 
PRELIMINARY SPILLWAY--RIGHT BAY DISCHARGING INTO T,UMNEL 

1 :54 SCALE MODEL 



Note standing water f5n on centerline of trrmrel cad-by.&vidiug.pior. 
r -. 

PELLOWTAIL DAM 
PREGDIINARY SPIUWAY--~;~-D~SCHAF~GES .IN TUNNEL . 

1 :54 SCALE MODEL 









C. 173,000 eecondfeet 

A. 14,000 second feet 
just before sweepout 

D. Spillway - 167,000 second feet 
B. 14,000 second feet Outlets - 8,400 second feet 

sweeping out of basin Powerhouse - 3,200 second feet 

YELLOWTAIL DAM 
PRELIMINARY SPILLWAY- - S T I L m G  BASIN DISCHARGING 

1 :54 SCALE MODEL 











,--A 
\- ~ 

g)Utrakp.- 8,200, eeconb7fect 
Powerhouse. - -3 ;a00 aecon&feet 

'Spillway .- .8,80O:eecond lfeet 
Reeemir Elev. 3814 

YELLCWTAILsDd.116 
PRELWINARY :P;OWERHOU~E :TAILT~A~E 

1:II:SCALE 'MODEL -< 





5,000 mecond feet 
Powerborue - 3,000 mcenrd feet 

C. Outlets - 8,400 aecond;feet , D. *Scour after preceeding 
Spillway - 11,000 aecond~feet + -  seq~ence~of flows 

1 :54 .SCALE MOflEL 

































B. 6.000 eecond feet - /&a. Elev. :3640 - Normal T. W. Rev. 3110 :m 

'Y]ELLOWOWTAIL DAM 
RECOMMENDEP) .OUTLET WORKS !BASIN FOUR 'DISCHARGING 

1 : 2 8 SCA1;E :MODEL 





Basin Four --Recommended Basin Ten 

~ k s i o n  Pattern after 5,000 second feet discharged for one hour in the model 
with reservoir at  elevation 3640 

YELLOWTAIL DAM 
OUTLET WORKS BASINS FOUY AND TEN--EROSION TESTS 

1 :28 SCALE MODEL 
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--- 

A 
AA 

- 
P L A N  

_,,----Note: After completion of the 
,-El. 3210.0 ,.*-7 

v - ,,' )' 
model study, bosin roof was 

i- 4'-0yw - p:.b;::,s..<-... -;--..?; t - ... -., . , . . .'-;:&::.;:;, . . -...* p;: ;.**..*. . 2: '-?: :a: .>; .'&:*:.' ; >:::,%'.'.;...<..: :! '~~+?~.*~':i~>-:~: eliminated ond the center 

-; [ >---;.2---: ------------------------------- 158'-5" - ---------------- -LA- -------- :* dividing wall extended to full 

9-O--cY,.& --------- ,+.'-o* ------ & ----------* 5 ---- 3,: 6Ir--" length o f  basin. See Figures 
8,9,'ond 10. 

6' - 6'' > 2.5 :I--\ 

,-El. 3146.0 

@ Block 13 
Scale: I"= 30' S E C T I O N  A-A 

YELLOWTAIL  D A M  

REGOMMENDED OUTLET WORKS STILLING BASIN 

I \  , 7 -. . 



















































YELLOWTAIL DAM 
RECOMMENDED SPILLWAY A P ~  OUTLET WORKS--DISCHARGING INTO RNER CHANNEL 

1:54 SCALE MODEL 


